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1	Introduction
[bookmark: OLE_LINK222]RAN1 has agreed to specify DCH Enhancements using an uplink design that does not include UL FET, here-after refered to as the UL FET-less mode. The decision as to whether to also allow another mode of operation supporting UL FET has not been made. In an accompanying contribution [1], we show significant increase in transceiver gating opportunities with UL FET, thus motivating introduction of a UL FET mode. Here we describe in detail the design considerations for the UL FET mode.
2	UL FET mode: Design considerations
RAN1 has already made progress towards standardization of the UL FET-less mode. The UL FET mode is a fairly straightforward extension of this mode, with some additional issues to be considered, which will be detailed in the following subsections.
2.1	UL operation, gating, and handling of UL DCCH
The UL FET mode proposed is similar to that studied as uplink solution 1 of 3GPP TR25.702. The voice packets with TTI of 20ms are encoded and multiplexed at the physical layer as if their TTI was 10ms, and are repeated for the next 10ms. The resulting 20ms UL DPDCH waveform may be truncated by gating the transmitter once UE receives Ack on DL supporting UL FET. Unlike the UL FET-less mode, joint coding of AMR class-A,B,C bits with CRC-size of 16 is needed on UL for UL FET. As in the case of DL FET, this is to avoid the excessive CRC false-pass issue and to maintain the BER of the class-B and C bits. The NodeB receiver performs soft-combining of the UL DPDCH symbols across the two repeated 10ms durations within each 20ms TTI.
The UL DPCCH is gated once UL DPDCH is gated and Ack has been transmitted on UL for DL FET. This behavior is the same as that in the UL FET-less design, except that the time when UL DPDCH is gated is now no longer fixed but depends on when the Ack arrives on DL.
As in the UL FET-less design, DL DPDCH can be gated once Ack has been received on UL. Also, just as in UL FET-less design, the DL DPCCH can be gated once DL DPDCH has been gated and UL DPDCH transmission has completed. The UL FET mode only differs in the definition of when UL DPDCH transmission is complete for this purpose. Specifically, in UL FET mode, UL DPDCH transmission is completed once Ack has been sent on the DL; in contrast, in UL FET-less mode, it depends on whether 10ms or 20ms transmission was used, and on whether the TFC transmitted was a Null packet. The gating operation is detailed in Figure 1.
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Figure 1: DTX and DRX timeline with DL FET and UL FET

There is no need for a 10ms/20ms transmission switch algorithm if UL FET is configured. This is because 10ms operation can be achieved simply by targeting 1% BLER at the end of 10ms. When this target becomes unattainable due to UE headroom limitation, the BLER at the end of 10ms begins to increase, thus automatically causing the transmission to smoothly transition from 10ms to 20ms, without the need for any sudden state-change.
In the UL FET-less mode, RAN1 has agreed over email discussion [5] that UL 10ms transmissions will be allowed even during UL DCCH transmissions. Also, the DL FET operation has also been agreed even in presence of DL DCCH transmissions. By analogy, it is natural to admit UL FET operation even in presence of UL DCCH. Figure 2 shows 3 ways in which this can be done. Observe that if UL DCCH is absent, then the transmitted waveform during the first and second 10ms duration of each 20ms TTI is identical. Thus, the NodeB soft-combining could occur either before or after the de-interleaving operations. However, if UL DCCH is present, then schemes (a) and (b) of Figure 2 do not have this 10ms periodicity within each 20ms TTI any more. Thus the repetition soft-combining could become more complex, depending on NodeB implementation. In particular, the combining for the repeated DCCH in the scheme of Figure 2(a) must happen after de-interleaving, demultiplexing and de-rate-matching the DCCH bits from both 20ms durations. This is because even the number of DPDCH bits carrying DCCH could be different in the two 20ms durations if the DTCH packet types in these durations are different. 
The scheme in Figure 2(c) avoids the above issue of the lack of 10ms periodicity by using 20ms TTI for DCCH as well. This can be done either by direct configuration of 20ms TTI for the DCCH TrCh, or by MAC-segmentation wherein the TTI is still 40ms but at the MAC layer the DCCH packets delivered for each 40ms TTI are segmented into two subpackets sent on the two 20ms durations. It may be noted that even when UL DCCH is absent, or even in Figure 2(c), the 10ms periodicity of the transmit waveform is violated if there is a compressed-mode gap resulting in unequal number of punctured slots in the two 10ms durations. Based on these considerations, we propose the scheme of Figure 2(a), since the shortened transmission with repetition for DCCH maximizes the chances of allowing UL FET gains even during DCCH transmissions. This agrees with the design principle used for the UL FET-less mode.
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Figure 2: Options for handling UL DCCH with UL FET

2.2	Ack channel design for UL FET
The Ack channel design and performance is studied in [2]. The design proposed based on that study involves sending Ack on two configured slots in each 20ms duration. The Ack/Nack is sent via BPSK and replaces all DPDCH bit positions in the slots reserved for Ack/Nack. The Ack/DPDCH power offset is signaled to the UE to allow setting the detection threshold. From [2], a power offset of around -5dB when not in SHO and around 3dB when in SHO yields adequate Ack channel performance. Further details can be found in [2].
2.3	Compressed mode and CPC
On uplink, the UL FET mode can be thought of as similar to the 20ms transmission mode of UL FET-less design, with the added possibility of some UL gating that is disallowed in the UL FET-less case. Thus, all rules agreed upon in [5] for UL DPCCH transmission during UL compressed mode for 20ms transmission in UL FET-less mode can be directly applied for UL FET as well. The rules for UL DPDCH transmission are identical in R99 and in UL 20ms transmission, and the same rules can be applied to UL FET mode as well. Note that UL FET mode involves repeated shorter TTIs, unlike the R99 and UL 20ms transmission modes. The phy-layer TrCh multiplexing uses those shorter TTI values and then continues to follow existing R99 compressed mode procedure.
On downlink, Ack opportunities are simply forfeited if they fall within the compression gap, and if UE is required to decode Ack/Nack in those forfeited slots, it shall interpret the decoding as Nack. Following the approach of [3], there is no need to specify restrictions on CM parameters to prevent overlap of the CM gap with the Ack/Nack slots. We could consider using an alternate set of Ack-opportunity slots in TTIs containing a compression gap, to mitigate loss of Ack opportunity due to the gap. However, additional gains from this may not be worth the added complexity.
The principle of allowing CPC with DCH Enhancements as described in [4] also readily extends to the UL FET design. CPC DRX/DTX is opportunistically allowed if permitted by the gating rules of both the existing CPC design and the DCH-Enhancements design.


[bookmark: OLE_LINK79]3	Conclusions
Inclusion of UL FET as another mode of UL operation in DCH Enhancements provides significant UE current savings. A design for UL FETwas discussed, which is captured in the following set of proposals:
Proposal 1: Define a ‘UL FET’ UE capability, which indicates that UE supports both the full capability features as agreed in RAN1 [5] as well as UL FET.
Proposal 2: Network can enable or disable UL FET mode via a configuration. UL FET cannot be enabled when network uses the basic network configuration agreed in RAN1, or if UE does not indicate UL FET capability.
Proposal 3: The UL DPCCH format in UL FET is identical to that agreed for DCH Enhancements without UL FET, with 6 pilots, 2 TFCI/ACK/NACK, and 2 TPC fields.
Proposal 4: The UL transmission of voice packets over DTCH in UL FET mode is as follows: 
(a) TTI value of 10ms is used in the physical layer for transport channel multiplexing operations,
(b) Concatenation of AMR class A,B,C bits is used with CRC size of 16, and 
(c) The DTCH packet is repeated in the second 10ms duration of every 20ms TTI.
Proposal 5: UL transmission in UL FET mode with UL DTCH and UL DCCH is as in Figure 2a. That is, voice packets with 20ms TTI are encoded at phy-layer as if the TTI is 10ms and then repeated in the next 10ms. Similarly, DCCH packets with 40ms TTI are encoded at the phy-layer as if their TTI was 20ms, and are then repeated in the next 20ms.
Proposal 6: Compressed mode can be enabled within UL FET mode. The UL compressed mode uses the shorter TTIs with packet repetition in the physical layer and then follows all existing R99 physical layer procedures (rate-matching, transport-channel multiplexing etc) for UL compressed mode. DL slots that carry Ack are punctured if they lie in a DL compressed-mode gap.
Proposal 7: CPC is allowed with UL FET mode, using the same rule as for CPC with UL FET-less mode, i.e., UE shall DRX/DTX if such DRX/DTX is permitted by the rules of both CPC and of DCH Enhancements.
Proposal 8: Two UL BLER targets are allowed with UL FET, one target applies to one of the UL early-decoding attempts. This is identical to the agreed functionality for two DL BLER targets for full UE capability in UL FET-less mode.
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